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ABSTRACT

Chemicals at oil production sites can be hazardous to migratory
birds and other wildlife. 0il, grease, and other chemical wastes
related to well drilling are commonly stored in pits at oil
production sites. O0il lost at valves is frequently caught in
open containers. O0il production sites are located in arid
regions of South Dakota where wildlife mistake open pits for
wetlands and are often attracted to them. The Service studied
the chemical composition and toxicity of oil pit liquids and
searched oil production sites for dead wildlife.

Liquids and/or sediments from 31 pits located in Fall River and
Harding Counties were evaluated for oil and grease in 1992. Oil
and grease concentrations were at levels known to reduce benthic
invertebrate numbers in all liquid samples analyzed. Due to a

decline in the number of pits, only 15 Harding County pits were
evaluated in 1993. 0il and grease concentrations were at levels
similar to those found in 1992 in only 2 of 15 samples analyzed.

Forty pits were searched for dead wildlife in 1992 and 15 were
searched in 1993. Dead wildlife, especially small mammals and
birds were found around oil production sites. Salvaged carcasses
were partially or totally covered with oil. Studies of scats
indicated that predators consumed birds that died from oil
exposure.

Electrical conductivity of 17,000 pumhos/cm has been shown to
significantly reduce duckling growth. 1In 1992 and 1993,
electrical conductivity in 4 pits equalled or exceeded 17,000
pmhos/cm. Electrical conductivity of pit liquids also could
impact the diversity and abundance of aquatic invertebrate and
plant species in and around pits.

The best method for preventing impacts to wildlife from chemical
wastes at oil production sites is to totally eliminate wildlife
contact with the waste liquids. Colored flags on guy wires had
been installed at some pits to scare birds and other pits had
been covered with nets. Flagging is ineffective at detering
birds (Esmoil, 1991). Properly maintained netting can be an
effective deterrent for larger birds. However, the best way to
prevent wildlife mortality is to store waste liquids in closed
tanks until they can be reinjected back into the ground. Many
0il companies have begun extensive liquid reinjection efforts,
thus making pits unnecessary.

The conclusions of this study are that pit liquids and sediments
contained high concentrations of oil, grease, and other
unidentified toxic chemicals that through contact or ingestion,
could immobilize or cause mortality to birds and other wildlife.
Several oil companies have initiated management strategies which
minimize hazards to wildlife.
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TABLES IN APPENDIX

Locations of pits studied in Fall River and Harding
Counties, South Dakota, 1992.

Locations of pits studied in Harding County South
Dakota, 1993. I.D. No’s 93-3-W and 93-5-W were sampled
in 1992 as No.’s 151 and 144 respectively (Table 1).

Concentrations of oil and grease in liquid (ppm) and
sediment (ppm dry weight) samples from oil production
sites in Harding and Fall River Counties, South Dakota
1992.

Concentrations of oil and grease in liquid (ppm) and
sediment (ppm dry weight) samples from oil production
sites in Harding County, South Dakota 1993. I.D. No’'s
93-3-W and 93-5-W were reported in 1992 as No’s. 151
and 144 respectively (Table 3).

Mean and range concentrations for sodium (ppm),
selenium (ppb) and electrical conductivity (pmhos/cm)
in 1992 and 1993 oil pit liquids compared to water in
creeks, ponds, and emergent wetlands west of the
Missouri River, South Dakota.

Liquid quality characteristics in oil pits, Harding and
Fall River Counties, South Dakota, July 1992. All
units are in ppm except for electrical conductivity
(umhos/cm), sodium (%), selenium (ppb) and pH.

Liquid quality characteristics in oil pits, Harding
County, South Dakota, June 1993. All units are in ppm
except for electrical conductivity (pmhos/cm), sodium
(%), selenium (ppb) and pH. I.D. No’s. 93-3-W and 93-
5-W were reported in 1992 as No.’s 151 and 144
respectively (Table 6).

Results of 96-hour bioassays in which radish seeds and
the invertebrates Daphnia magna and Hyalella azteca
were exposed to liquids collected from oil pits in
Fall River and Harding Counties, South Dakota 1992.

Results of 96-hour bioassays in which radish seeds and
the invertebrates Daphnia magna and Hyalella azteca
were exposed to liquids collected from oil pits in
Harding County, South Dakota 1993. 1I.D. No.’'s 93-3-W
and 93-5-W were reported in 1992 as No.’s 151 and 144
respectively (Table 8).
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FIGURES IN APPENDIX

Locations of oil pit study areas in South Dakota, 1992
and 1993.

Comparison of electrical conductivity (pgmhos/cm) in
liquids with percent survival of adult Daphnia magna
exposed to the same liquids. Liquids were collected
from pits at oil production sites in Fall River and
Harding Counties, South Dakota 1992-93.

Comparison of electrical conductivity (pumhos/cm) in
liquids with percent survival of young Daphnia magna
exposed to the same liquids. Liquids were collected
from pits at oil production sites in Fall River and
Harding Counties, South Dakota 1992-93.

Comparison of electrical conductivity (pmhos/cm) in
liquids with percent germination of radish seeds
exposed to the same liquids. Liquids were collected
from pits at oil production sites in Fall River and
Harding Counties, South Dakota 1992-93.

Comparison of electrical conductivity (pmhos/cm) and

sodium (ppm) in liquids collected from pits at oil
production sites in Harding County, South Dakota 1993.
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INTRODUCTION

Waste liquids associated with oil production are sometimes
disposed of in open pits. These liquids may consist of oil
residues, other petroleum products, chemicals used in drilling
operations, or high salinity water. At oil production sites,
leaks at valves are frequently captured in open half-barrels.

Direct and indirect wildlife mortality, especially to birds, can
occur from exposure to chemicals in pits. Indirect mortality
occurs from oil on the feathers causing loss of flight, loss of
thermoregulation, and entrapment resulting in drowning.
Ingestion of small amounts of oil can adversely affect
reproduction in birds, and small amounts of oil transferred from
feathers to eggs during incubation can cause embryo mortality
(Holmes et al. 1985; Olsen et al. 1990). Elevated concentrations
of salts and other dissolved solids in pit liquids can be toxic
to waterfowl and probably other wildlife (Swanson et al. 1988).
Unidentified chemicals in the pits may cause other toxic effects
to wildlife. Pit liquid quality is influenced by: (1) the
presence of naturally occurring elements, (2) by chemicals
released during well installation and production, (3) routine
pumping to drawdown liquid levels, and (4) dilution from
precipitation.

Thousands of migratory birds have perished in open pits
containing oil production liquids in Wyoming, Texas, and other
western oil-producing states (Flickinger 1981; Flickinger and
Bunck 1987; Esmoil 1991). Waterfowl and small passerine birds
were most susceptible to pit mortality. However, endangered
species were reported to have died in some pits (Flickinger and
Bunck 1987); and mammals, amphibians, and reptiles died in pits
containing styrene tar in Texas (Flickinger 1981).

The magnitude of annual mortality to migratory birds and other
wildlife from oil pits in South Dakota is unknown and difficult
to determine. Birds fly away to die or are consumed by
predators. Searches of pit areas probably reveal only the dead
birds that recently died, which may represent a small percent of
total mortality. Many birds that die or are crippled by exposure
to liquid wastes at o0il production sites are believed to be
carried off by predators. Balcomb (1986) evaluated the time
required during a 5-day test, for songbird carcasses to disappear
after being placed in corn fields. In 7 trials, 62 to 92% of the
carcasses disappeared the first 24 hours. Carcass losses were
greater during the first 24-hour period than on subsequent days.
Scavengers removed 72 of 78 carcasses (92.3%) over the 5-day
test.

First year results on oil pits studied in South Dakota in 1992
were reported by Henry and Ruelle (1993). O0Oil pit studies were
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continued in 1993. This final report contains the results of
studies conducted on western South Dakota oil pits in 1992 and
1993. Liquid wastes produced at oil production sites are often
toxic to wildlife. Detrimental wildlife impacts identified at
0il production sites substantiated the need to develop new
preventive measures. This study was done in cooperation with the
South Dakota Department of Game, Fish and Parks.

0il exploration is expanding in South Dakota. Currently, most
0il production is in Harding County with some in Fall River
County. The same companies that are operating in these 2
counties, plan future wells in Butte County.

The objectives of this 2-year study were to: (1) document
wildlife mortality by species, (2) determine the toxicity of pit
solutions, and (3) identify methods of preventing wildlife
mortality at oil production sites.

STUDY AREA

0il production in South Dakota occurs primarily in the
northwestern and southwestern parts of the state. 0il pits in
Fall River and Harding Counties were evaluated in 1992 (Table 1,
Figure 1). Most o0il production, and consequently, the largest
number of oil pits in South Dakota occur on private land in
Harding County. Harding County is a semi-arid region with
average annual precipitation of 39.99 cm. The rolling prairie is
interspersed with intermittent creeks and stock ponds. Prairie
grasses are the dominant vegetation in South Dakota oil
production areas.

Studies in Fall River County were discontinued in 1993 because of
a decline in the number of pits. Therefore, only pits in Harding
County were evaluated (Table 2). O0il pits ranged in size from
about 3 by 6 meters up to about 20 by 40 meters. The amount of
liquid in the pits varied from none to nearly full. About one
third of the pits sampled in 1993 contained clear liquid that
appeared to be mostly rain-water runoff. There was no oil sheen
on the surface of these pits, although black/gray oil sludges
were present in the sediments. The oil sludges were present at
the liquid-pit bottom interface or at some sites they were buried
under 15 to 20 cm of silt. 0il floated to the surface when the
buried sludges were disturbed.

Some sites were well maintained and relatively clean, whereas, at
others, oil had been spilled near tank batteries or outlet pipes.
Many of the pits we sampled in 1992 were filled in by 1993 and
the half barrels commonly used to catch oil drips had been
removed. It appears that between 1992 and 1993, many of the oil
companies cleaned up their production sites, and reinjected



waste liquids back into wells instead of disposing of them in
pits.

METHODS

0il production sites were visited periodically in the spring,
summer and fall of 1992 and 1993 to collect liquid and sediment
samples, and/or search for dead wildlife, and record the general
condition of the production sites and pits. Forty pits were
searched for dead wildlife in 1992. 1In 1993, dead wildlife
searches were conducted on 15 pits. Searches for dead birds and
other wildlife were made in the immediate area (a maximum
distance of 100-meters) of each site. Federal and state laws
prohibit the illegal killing of migratory birds. Dead birds
recovered from the sites were used by Service law enforcement
personnel as evidence of violations of the Migratory Bird Treaty
Act, and delivered to the Smithsonian Institute for species
identification.

In 1992, 26 composite liquid samples and 29 sediment samples were
collected from 31 pits located in Fall River and Harding
Counties. Most sediments were collected from pits containing
liquid but a few were collected from dry pits. These samples
were analyzed for oil and grease by the Mississippi State
University Chemical Laboratory. Elevated concentrations of
sodium, that contribute to electrical conductivity, are present
in some pit liquids and wetland waters. 1In addition, some
western South Dakota soils contain elevated concentrations of
selenium that accumulates in wetland waters. Therefore, liquid
samples from 15 o0il pits were analyzed for selenium by the Oscar
E. Olson Biochemistry Laboratories at South Dakota State
University. Water quality characteristics including: sodium,
sulfate, nitrate, bicarbonate, carbonate, hardness, alkalinity,
electrical conductivity, percent sodium cations and pH were
analyzed by the Water Resources Research Institute at South
Dakota State University in Brookings, South Dakota.

Fifteen composite liquid and sediment samples were collected from
Harding County pits in June 1993. Liquid and sediment samples
were analyzed for oil and grease by the Geochemical Environmental
Research Group at Texas A&M University. Liquid samples were
analyzed for selenium and water quality characteristics by the
same laboratories used in 1992.

Water samples were collected from 2 wetlands in each county
located west of the Missouri River in South Dakota in 1993.
These samples were analyzed for sodium, selenium, and electrical
conductivity by South Dakota State University.



Predator scats were collected from the same areas where 17 dead
birds were found in 1993. The scats were placed in plastic bags
in the field and frozen. In the laboratory, the scats were
submerged in plastic cups filled with water. Visual observations
for oil on the surface of each cup were made after 24 hours. The
scat material was removed from the plastic cups, placed in a
petri dish, teased apart, and foods identified using a binocular
microscope.

Seed germination bioassays were conducted with each pit liquid in
1992 and 1993. Ten radish seeds were wrapped in an unbleached
paper towel, placed in a plastic cup, and then saturated with
test liquid. Surplus liquid was decanted from the cups. Control
seeds were exposed to water from the Fort Pierre, South Dakota
city well. The cups were covered with plastic wrap, and the
seeds were kept at room temperature under 8 hours of light.

Seeds were checked for germination at 12-hour intervals for 96
hours. Germination was recorded when the seed coat ruptured and
a root was visible.

Bioassays were conducted with liquids collected from pits in 1992
and 1993 using the aquatic invertebrates, Hyalella azteca (scuds)
and Daphnia magna (daphnids). Two life stages, 2-day old and
adult, of each invertebrate were used in the bioassays. Five
each of either adult daphnids, young daphnids, or young scuds
were exposed in individual assays to approximately 20 ml of oil
pit liquid in plastic cups. Adult scuds were exposed to
approximately 150 ml of oil pit liquid in plastic cups. A well
water sample was used as a control for each species and life
stage. The test solutions were aerated prior to initiation of
the bioassays, and the solutions were replaced in each test
vessel after 48 hours to maintain the chemical strength of the
solution and to ensure an adequate oxygen supply. Bioassays were
done at room temperature with 8 hours of light. Invertebrates
were not fed during the 96-hour test. Assays were checked for
survival every 24 hours for 96 hours. Immobility was the
criteria used to indicate mortality. Correlations were used for
statistical analyses.

RESULTS AND DISCUSSION

Wildlife Mortality

From January through October 1992, 10 birds, one long-eared bat
(Myotis evotis), 11 unidentified small mammals, and nine
cottontail rabbits (Sylvilagus floridanus) were found dead at oil
production sites during infrequent spot checks. Bird carcasses
found in April included one blue-winged teal (Anas discors) and
one killdeer (Charadrius vociferus). Carcasses found in July
consisted of one house finch (Carpodacus mexicanus), two barn




swallows (Hirundo restica), one common snipe (Gallinago
gallinago), one Northern rough-winged swallow (Stelgidopteryx
serriopennis), one lark sparrow (Chondestes grammacus), and one
Brewer’s or clay-colored sparrow (Spizella breweri or S.
pallida). Some unidentified small mammals but no birds were
found in October 1992. The small mammals died in half barrels
and other open containers. Live aquatic invertebrates or dead,
oil-covered invertebrates were observed in the shallow liquid
around the edges of numerous oil pits. Locating dead birds in
Harding County in October was hampered by snow cover. Fall River
County had only one active pit in October and no carcasses were
found there.

Hydrogen sulfide gas is more predominant in Fall River County
than in Harding County. Warning signs at the entrances to oil
production sites in both counties state that hydrogen sulfide gas
may be present. No wildlife mortalities were directly attributed
to the gas. No dead wildlife were recovered from flare pits used
to burn off waste gases.

In 1993, one dead bird was found at each of two pits and 17 dead
birds were found at another pit. Many of these birds were
covered with oil. Wildlife mortality is difficult to quantify at
0il production sites because carcasses of dead birds and other
wildlife are difficult to recover. Several factors could have
influenced the number of carcasses found. The sampling effort
was limited to three search visits per site. Bird carcasses
could have either decayed or been scavenged by predators before
recovery. Even birds dying a day or two before our visits were
probably scavenged quickly, as evidenced by predator tracks near
the pits and numerous predators observed in the area. Birds that
died in oil pits quickly decomposed, and often only bird parts
were found. 1In addition, many birds may sink to the bottom of
pits and go undetected.

Searches for dead birds were confined to the edges of the pits
and to the area in and around the production sites. Birds that
died and sank in the middle of larger, deep pits could not be
recovered by our search methods. Flickinger and Bunck (1987)
observed the fate of various marked bird carcasses placed on oil
pits. They found that some of the smaller species placed on the
surface soon sank, reappeared at the surface in a few days, then
sank again. Smaller birds sank faster than larger birds. Oil on
the pit surface can greatly increase the ambient temperature of
the liquid. Although it was not quantified, we noted that pit
solutions containing oil were warmer than pits that did not.
Flickinger and Bunck (1987) found that oil pit temperatures were
significantly greater than air temperatures, and they stated that
the higher temperatures of the pits may cause faster
decomposition of carcasses.



Some pits are not oily enough to entrap birds but may contain
enough o0il or other chemicals to be toxic when repeatedly
ingested. Birds not entrapped but affected by contaminants could
leave the pit areas and/or hide in vegetation making them
extremely difficult to locate during searches. We observed
passerine birds, primarily swallows and kingbirds (Tyrannus
spp.), fly down to the pit surface to drink or catch insects and
then fly off to perch nearby. Three of the dead birds we found
were swallows. Flickinger (1981) found a high percentage of
passerine birds and shorebirds in styrene tar pits in Texas and
suggested that insectivorous birds may be attracted to pits by
trapped insects. Feeding on contaminated insects by swallows and
flycatchers may make them more susceptible to sublethal impacts,
including reproductive impairment. Many shorebird tracks were
observed at a majority of the pits. We observed as a killdeer
walked under a net covering a pit and down to the liquids’ edge
where it subsequently got oil on its feathers. The bird could
not fly and was captured. A large number of the migratory birds
that are impacted by these pits may be passerines and shorebirds,
including some neotropical migrant species whose populations are
declining.

Wildlife Exclusion Methods

Various methods were employed by oil companies to scare birds
away or to physically exclude them from the pits we studied.
Pit designs and wildlife exclusion methods varied. Pits with
steep, unvegetated sides discouraged walk-in use by wildlife.
Many pits did not have any deterrents, except flagging which
consists of colored flags attached to support wires stretched
across pits. Flagging is required by South Dakota State Law
(South Dakota Administrative Rules 1987). Flag support wires
often sagged and extended into the pit liquid, and we frequently
observed birds using them as perches. Flagging and scare
devices, such as noisemakers, have been shown to be ineffective
and are totally inadequate at excluding wildlife from the pits
(Esmoil 1991).

One of the most common wildlife exclusion methods was to cover
the pit with a synthetic fiber net stretched over a frame.
Small, rectangular shaped pits are more easily covered by nets.
Nets with mesh small enough to exclude small birds need a sturdy
frame and are difficult to maintain because snow and ice collect
on them causing tears, sags or complete collapse. New nets were
not inspected and existing nets were not maintained in many
cases, resulting in large holes at seams, where pipes went
through, or where small mammals chewed through. Netting, if
maintained, reduces exposure of larger wildlife species to pit
liquids but does not keep out all small passerine birds, small
mammals, insects, snakes, etc. that are important in food chains.



Net seams need to be tightly sewn together and the edges of the
net buried where it contacts the ground to effectively exclude
wildlife. Covering the outside of the net with wire mesh up to
about 50 cm from the ground prevents wildlife from chewing or
excavating entrance holes. Small migratory birds and other
wildlife have been observed passing through the nets covering
pits. Vegetation control around pits may make them less
attractive to birds and other wildlife. Nets are expensive and
not easily moved to another location when a pit is reclaimed.
Mice and other small mammals are attracted to half barrels which
are open at the top. The best wildlife exclusion on half barrels
is a cover made of expanded metal.

Tanks were used at some sites to hold liquids until they could be
reinjected back into wells similar to those from which they
originated. This increasingly popular way of disposing of wastes
is the best method for preventing wildlife from coming into
contact with toxic wastes associated with oil production sites.
Companies with permitted reinjection wells frequently contract to
reinject waste liquids for other companies.

Contaminants in Liquids and Sediments

0il and grease concentrations in liquids ranged from 0.50 to
813.00 parts per million (ppm) and oil and grease concentrations
in sediments ranged from 710.00 to 212,000.00 ppm dry weight in
1992 (Table 3). In 1993, oil and grease concentrations in
liquids ranged from 0.00084 to 1.64984 ppm and oil and grease
concentrations in sediments ranged from 1.69 to 1,000,000.00 ppm
dry weight (Table 4). O0il and grease declined in liquids but
increased in sediments between 1992 and 1993 (Tables 3 and 4).
In 1992, the mean concentrations of oil and grease in 26 liquid
and 26 sediment samples were 46.72 and 30,162.35 ppm,
respectively (Table 5). In 1993, the mean concentrations of oil
and grease in 15 liquid and 15 sediment samples were 0.15 and
249,970.00 ppm, respectively (Table 5). The decline of oil and
grease in liquids collected in 1993 may have occurred because
some of the pits were no longer used, they filled with rainwater,
and the oil and grease settled to the bottom. The increase of
oil and grease concentrations detected in 1993 sediments may have
been due to settling out, or because smaller pits with more
concentrated oil and grease were sampled, or because the liquid
level had subsided, thus exposing sediments containing higher
concentrations.

Eighty-five percent of the liquid samples collected in 1992 and
1993 had oil and grease concentrations less than 10.00 ppm, and
only 2 samples had concentrations over 100.00 ppm (Tables 3 and
4). Sixty five percent of the sediments contained over 10,000.00
ppm oil and grease in 1992. High concentrations of oil and



grease in sediments were not necessarily correlated with high
concentrations in liquids.

0il and grease in water can significantly affect benthic
invertebrate populations. Woodward and Riley (1983) found that
water containing 46 to 85 ppb 0il reduced the number of benthic
invertebrate species and their biomass. By these criteria,
liquids from all pits evaluated in 1992 would reduce benthic
invertebrate numbers. However, oil and grease concentrations in
pit liquids were significantly lower in 1993 compared to 1992 and
only 2 of 15 would affect benthic invertebrate populations.

Chemicals other than oil and grease present in pit solutions may
also contribute to lethal or sublethal impacts to migratory
birds. Inorganic contaminants and poor water quality caused by
drilling effluent pollutants in reserve pits in Alaska were found
to be potentially hazardous to wildlife (West and Snyder-Conn
1987). Results of analyses for water quality components can be
used to determine the suitability of water for supporting
wildlife. Water quality components were compared between years
and sodium, nitrate, carbonate, hardness, and electrical
conductivity were higher in pit liquids sampled in 1992 than in
1993 (Tables 6 and 7).

High salinity, as measured by electrical conductivity or total
dissolved solids, is a frequent contaminant. Saline groundwater
can be brought to the surface during drilling operations. Fluids
with high salt concentrations are sometimes used as part of the
drilling process. Few studies have been done on the toxicity of
dissolved solids to birds; however, field studies have evaluated
the impacts that limnological conditions have on waterfowl health
in the prairie pothole wetlands of North Dakota (Swanson et al.
1984, 1988). Electrical conductivity is one of the best
characteristics for determining the suitability of water for
waterfowl. Gorham et al. (1983) reported that electrical
conductivity is directly related to dissolved substances. They
also reported that extremely high or low water levels can
significantly influence conductivity and other water-quality
characteristics. Precipitation can increase the volume of
liquids in oil pits, resulting in a dilution of dissolved
materials and a lowering of conductivity.

In 1992, electrical conductivity of pit liquids ranged from 180
to 34,100 umhos/cm (Table 6). In 1993, electrical conductivity
of pit liquids ranged from 410 to 17,000 umhos/cm (Table 7).
Electrical conductivity of 17,000 pmhos/cm significantly reduced
duckling growth in a study by Swanson et al. (1984). Ducklings
experienced some mortality at 16,000 pmhos/cm and could not
tolerate electrical conductivities exceeding 20,000 pmhos/cm in
prairie lakes unless freshwater was also available (Swanson et
al. 1984). Ducks have salt glands that allow them to tolerate



saline habitats. However, the salt glands of ducklings are not
fully developed until they are a few days old. Birds that do not
have salt glands, such as some passerine birds, rely on their
kidneys to process salts (Welty 1982).

Not only is elevated electrical conductivity toxic to waterfowl,
it also can be toxic to dietary items waterfowl feed upon.
Invertebrates are important in the diet of waterfowl, especially
young ducks. Albers et al. (1985) reported that invertebrate
biomass was inversely related to the electrical conductivity of
water. Electrical conductivity in 3 pits sampled in 1992 equaled
or exceeded 17,000 pmhos/cm. In 1993, electrical conductivity in
1 pit equaled 17,000 pmhos/cm. The liquid in these pits could be
toxic to waterfowl and many species of invertebrates.

Sodium is frequently the principal component of dissolved solids.
It is an active metal that does not occur free in nature. Sodium
contributes to cell osmotic pressure, and at high concentrations
it is toxic to plants, and reduces soil permeability (U.S. EPA
1986) . Sodium carbonate and bicarbonate are more toxic to plants
than other sodium salts (McKee and Wolf 1963). Sodium was
detected in all liquid samples collected in 1992 and 1993. The
mean sodium concentration in 29 pit liquids collected in 1992 was
4,025.48 ppm and the range was 6.00 to 18,000.00 ppm (Table 5).
The mean sodium concentration was higher in pit liquids than in
waters from wetlands located west of the Missouri River in South
Dakota. Sodium concentrations in 42 western South Dakota wetland
waters had a mean of 349.12 ppm and a range of 6.00 to 10,100.00
ppm (Table 5). In 1993, sodium ranged between 46.00 and 4,000.00
ppm and averaged 1,049.47 ppm in 15 pit liquid samples (Table 5).

Sodium and hardness contributed significantly to pit liquid
electrical conductivity in 1992 and 1993. 1In 1992, sodium and
hardness were highly correlated with electrical conductivity (N =
15, r = 0.98, p < 0.01 and N = 15, r = 0.77 and p < 0.01,
respectively). Sodium and hardness were again correlated with
electrical conductivity in 1993 (N = 15, r = 0.99, p < 0.01) and
(N =15, r = 0.64, p < 0.01, respectively).

Elevated concentrations of total dissolved solids (TDS) can be
lethal to aquatic organisms because osmotic pressure differences
between the organism and water can dehydrate the cells of the
organism, resulting in death. The safe upper limit for total
salts in water for poultry is 2,800.00 ppm (McKee and Wolf 1993).
Sodium salts alone exceeded this concentration in 4 pits sampled
in 1992 and in 1 pit sampled in 1993. Water containing 500 to
1,000 ppm TDS can have detrimental effects on sensitive plants;
and water having 1,000 to 2,000 ppm TDS can have adverse effects
on many plants (U.S. EPA 1976). In our study, sodium alone in
liquid samples from 14 of 30 pits equaled or exceeded the lower
salt limit of 1,000 ppm that would effect plant health.



Selenium is a naturally occurring element. It occurs at low
concentrations in water and soil throughout much of South Dakota;
however, in some areas, it is present at high concentrations.
Selenium from local sources or from produced liquids may
concentrate in pits. In 1992, the mean selenium concentration in
15 oil pit liquids was 7.30 ppb and the range was 0.08 to 101.00
ppb (Tables 5 and 6). The highest concentration was detected in
a Fall River County pit. Fall River County is known to have
soils derived from Pierre Shale containing elevated selenium

concentrations (Schultz et al., 1980). Selenium in pit liquids
sampled in 1993, all in Harding County, ranged between <0.50 and
2.26 ppb (Table 5). The mean selenium concentration in 43

unpolluted waters from wetlands located west of the Missouri
River was 2.58 ppb and the range was 0.31 to 13.75 ppb (Table 5).
Mean selenium concentrations were highest in 1992 pit liquids;
however, selenium was more elevated in west river wetlands than
in 1993 oil pit liquids (Table 5).

Selenium can cause adverse effects to wildlife when it becomes
concentrated in aquatic environments (Eisler 1985). Selenium
concentrations in water between 2.00 and 5.00 ppb can result in
biocaccumulation of selenium in dietary items, which, if consumed,
may inhibit reproduction and cause mortality in birds (Lemly and
Smith 1987). In 1992, selenium concentrations in samples from 1
of 15 pits exceeded 2.00 ppb (Table 6). Selenium in 1 of 15
liquid samples collected in 1993 exceeded 2.00 ppb (Table 7).
Most pits sampled did not have elevated levels of selenium;
however pits with selenium concentrations > 2.00 ppb could be a
potential hazard to birds feeding there.

Swanson et al. (1984) believed that high concentrations of
sulfates cause greater stress on birds than equivalent
concentrations of sodium chloride. Ruelle and Henry (1993)
reported a strong positive correlation (r = 0.97) between sulfate
concentrations and electrical conductivity in unpolluted South
Dakota wetland waters. However, no correlation was found between
electrical conductivity and sulfates in pit liquids indicating
that factors other than sulfates influence electrical
conductivity in the pits sampled. Illinois has a State Water
Quality Standard of 500.00 ppm sulfate for water used for aquatic
life purposes (U.S. EPA 1988). Liquids in 8 of 15 pits sampled
in 1992 and in 9 of 15 pits sampled in 1993 exceeded 500.00 ppm
sulfate (Tables 6 and 7). The highest sulfate concentration
(2,938 ppm) was detected in a Harding County water sample
collected in 1993.

Concentrations of alkalinity and hardness are indicators of the
ability of water to buffer acid rain and other influences on pH.
The pH in pit liquids collected in 1992 ranged between 6.92 and
9.12 (Table 6). The pH standard for the protection of aquatic
life recommended by U.S. EPA (1976) is 6.5 to 9.0. The pH value
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for liquids in 2 pits exceeded the U.S. EPA standard. The pH in
pit liquids (6.86 to 8.64) collected in 1993 were within the
normal range expected for unpolluted South Dakota waters and were
within U.S. EPA standards for the protection of aquatic life
(Table 7).

Pit Liquid Toxicity

The best method for preventing wildlife mortalities at pits is to
eliminate their exposure to hazardous materials. The safest way
to do this is to store waste liquids in enclosed tanks until it
can be reinjected back into a well. This eliminates the need for
storage in open above ground facilities such as pits and half
barrels. O0il and grease concentrations in pit liquids where
birds died ranged from 1.00 ppm to 38.40 ppm. Liquid in 1 pit at
which 4 birds were recovered had 2.88 ppm oil and grease. We
could not relate bird mortalities to a specific concentration of
0il and grease. O0il and grease are not evenly distributed over
the water surface of pits. The wind moves oil floating on the
surface of pits causing it to concentrate along the shoreline.
The toxic threshold for oil and grease in water above which all
exposed birds die is unknown. The toxic effects of oil and
grease concentrations detected were difficult to interpret
because we do not know the chemical composition of the oil
compared to that used in bird toxicity studies. We also do not
know what additive or synergistic toxic effects the presence of
other chemicals may have to birds. Dead birds with oil on their
feathers were collected from pits, the surrounding banks, and
from fields bordering oil production sites; thus, suggesting
mortality might be caused by the oil.

Few studies have been conducted to determine the toxic
concentrations of o0il and grease in water to birds. Nesting
birds could accumulate oil on their feathers that would be lethal
to eggs. Studies have been done on the amount of oil on feathers
that can be transferred to eggs causing lethal or chronic adverse
effects. A small amount of oil on an egg can cause embxryo
mortality. Szaro et al. (1978) found that mallard eggs (Anas
platyrhynchos) treated with 1 to 50 pl of different kinds of oils
reduced egg hatchability and chick survival, and treatments of 5
pl or more drastically reduced egg hatchability and embryo
survival. Hoffman and Albers (1984) found that the LD50 for
various oils applied externally on mallard eggs ranged from 0.30
to 23.50 pl. These are extremely small amounts of oil.

One pit with an oil layer thick enough to entrap birds contained
813.00 ppm o0il and grease in the liquid. 1If birds do escape from
these pits, it is highly possible that the o0il will cause feather
injury, impairing normal activity. The ingestion of oil from
preening feathers may cause toxic effects. 1In 1966, Hartung and

11



Hunt studied the effects of cutting oil, diesel oil, and
lubricating oil fed to captive and wild mallards and found that
the oils were more toxic to stressed ducks kept outdoors. O0il
covered birds that escape from the pits could be expected to die
from exposure, starvation, or predation. 0il covered birds or
contaminated birds can cause secondary poisoning to other
wildlife species such as predators and scavengers.

0il pits cause some physical and chemical effects, independently
or in combination, that can lead to wildlife mortality. Birds
and other wildlife suffer adverse physical effects when they
become covered with oil and cannot fly, feed, or are otherwise
physically incapacitated. Open pits with thick oil coverings
could entrap birds and cause mortality. Chemicals incapacitate
wildlife through toxic effects.

Pits with an o0il sheen but no thick oil covering may not entrap
birds; therefore, the fate of birds exposed to these pits is
unknown. Some pits may appear clean but contain high
concentrations of dissolved solids or other contaminants that
affect bird health. For example, one pit sampled had only a
slight visible sheen of o0il unequally distributed over the
surface and had an oil and grease concentration of 1.13 ppm.

This pit probably would not entrap birds. We do not know if this
concentration would have sublethal impacts to birds with repeated
exposure. Liquid in a pit in Fall River County appeared black
but did not have an oily consistency. This pit contained 7.38
ppm oil and grease in the liquid in July, and in October the pit
solution was green. Chemicals discharged into the pit may have
caused the green color. Another pit, which killdeer were
observed using, had 460.00 ppm oil and grease in the sediments,
but the liquid did not appear oily. Shorebirds may accumulate
o0il from highly contaminated sediment on their feet and bills
Concentrations of contaminants in pits vary depending on oil
production and associated activities. Operators sometimes remove
floating oil from pit surfaces. Oil sludges in the bottom
sediments are removed less frequently, if at all, and may contain
more concentrated contaminants.

In 1993, twenty five predator scats were collected from the same
field as 17 dead birds. These unidentified scats were probably
from skunk, raccoon, fox, or coyote based on predators known to
be present in the area. Two of the scats contained feathers.
After remaining submerged overnight in water, an oil sheen was
visible on the surface of the 2 containers where feathers were
found in the scats. 0il was not visible on the surface of the
other containers. This is strong evidence that more than the 17
birds we collected were killed by oil exposure and that some of
the dead birds were eaten or carried off by predators. The
presence of oil in the scats also indicates that oil from
scavenged birds passed through the digestive tracts of predators.
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Hair believed to be from small mammals was detected in 11 scats.
These scats also contained small mammal teeth and bone fragments.
Grasshopper parts were observed in 12 of the scats.

Bioassays

In 1992, 17 of 29 radish seed assays had 100 percent germination
(Table 8). Twelve of 15 radish seed assays conducted with liquid
samples collected in 1993 had 100 percent germination.

Scuds had better survival than daphnids in bioassays. In some
bioassays with liquids that exhibited low toxicity, daphnids
molted and reproduced. Only 2 control samples did not have 100
percent survival. These were young daphnids in 1992 (Table 8)
and young scuds in 1993 (Table 9). The combined survival or
mortality of all species exposed to any one liquid sample
provided the best data concerning the presence of toxic materials
in the sample.

In 1992, 14 of 27 samples had less than 80 percent survival or
germination in at least 2 separate bioassays, and in 3 samples
all organisms died in all bioassays (Table 8). In another 1992
assay, all invertebrates died within minutes. A duplicate
bioassay conducted on this sample produced identical results.
This liquid had 7.38 ppm oil and grease. Water quality analyses
were not done on this sample.

In 1993 assays, young Hyalella azteca had the lowest, and adults
had the highest, survival in bioassays conducted on 15 liquid
samples. Daphnia magna adults and young each had 100 percent
survival in 8 bioassays (Table 9). The control bioassays all had
80 percent or greater survival except for young Hyalella azteca,
which had 100 percent mortality. The cause of this mortality is
unknown; however, mortality in controls was not universal for all
species. Daphnia in both age classes had 100 percent mortality
in 3 bioassays. There were individual bioassays in which all
organisms died; however, none of the samples killed all of the
organisms in each of the 4 assays conducted.

Two 1992 bioassays in which daphnids did not survive had low oil
and grease concentrations but high salinity. Electrical
conductivity was greater than 10,000 umhos/cm in both samples.
Bioassays conducted in 1993, in which all ages of daphnids died,
had electrical conductivities > 9,200 pmhos/cm.

No organisms survived in assays conducted with a 1992 liquid
sample having an electrical conductivity of 32,800 pmhos/cm.
Generally, the lower the electrical conductivity, the higher the
percent survival/germination of biocassay organisms. However,
there was no correlation between percent survival in single-
species invertebrate bioassays and electrical conductivity of pit
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liquids collected in 1992 and 1993. We considered less than 80
percent survival of the test organisms as an indication that the
test liquid was toxic to invertebrates. In both 1992 and 1993,
electrical conductivity of pit liquids was negatively correlated
(p < 0.05) with the mean percent survival/germination of grouped
bioassay organisms, Hyalella azteca, Daphnia magna, and percent
radish seed germination. The mean percentage seed germination
and percentage survival in all invertebrate bioassays in 1992 and
1993 was inversely correlated (p < 0.05) to electrical
conductivity. These data suggest that high salts in liquids,
that are components of electrical conductivity, suppressed the
survival/germination of bioassay organisms. This hypothesis is
strengthened by the relationship exhibited between electrical
conductivity and survival of adult and young daphnids (Figures 2
and 3). Adult and young Daphnia magna had, with some exceptions,
100 percent survival in liquids having 7,500 umhos/cm or less
electrical conductivity. However, both ages of daphnids suffered
100 percent mortality when exposed to all liquids having 9,200
pmhos/cm or higher electrical conductivity. In bioassays
conducted with leawaidy$athead minnows and radish seeds, there was
no survival or germination in water having an electrical
conductivity of 30,100 umhos/cm (Ruelle and Henry 1993).

In general, there was 100 percent germination for radish seeds
exposed to liquids having electrical conductivities of 10,000
pmhos/cm or less (Figure 4). There were 4 assays where
electrical conductivity was less than 10,000 pmhos/cm and seed
germination was less than 100 percent. Factors other than
electrical conductivity appear to be responsible for reduced
germination in these assays. Seed germination started to decline
at electrical conductivities of between 10,000 and 12,500
pmhos/cm and was low or nonexistent in liquids having 17,500 to
32,800 umhos/cm electrical conductivity. Electrical conductivity
at these concentrations would greatly reduce species diversity
and populations of plants in and around pits. Salt
concentrations of 525.00 to 1,400.00 ppm (approximately 820 to
2,190 pmhos/cm) in water are classified as permissable for plant
growth, while 1,400.00 to 2,100.00 ppm (approximately 2,190 to
3,280 pumhos/cm) are doubtful for plant growth (McKee and Wolf
1963).

Toxic influences not related to electrical conductivity also
appear to have reduced seed germination in several assays. Other
water quality characteristics such as chlorides, sulfates,
magnesium, nitrates, carbonates, and organic compounds may
individually or in combination influence seed germination. The
seed germination test is useful for determining if any toxic
constituents are present that would inhibit germination. The
test cannot predict long-term seedling survival.
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High invertebrate mortalities in bioassays were not directly
correlated with high oil and grease, high electrical
conductivity, or high selenium concentrations. It appears that
other factors such as sodium salts or organic chemicals in pit
liquids also contributed to bioassay organism mortality. Sodium
was highly correlated with electrical conductivity (Figure 5) and
may have been a primary factor influencing toxicity of oil pit
liquids. It is apparent that at least some species of lower
food-chain organisms that would be important in the diet of fish
and wildlife cannot survive in many of the oil pits.

CONCLUSIONS

This study contributed to the baseline data on the physical and
toxicological hazards of oil pits to wildlife in South Dakota.

We demonstrated that migratory birds, other wildlife, and food- -
chain organisms are using the pits and are being killed by the
physical and toxicological effects of hazardous chemicals.
Passerine birds and shorebirds appeared to suffer high mortality.
0il in scats indicated that predators feed on birds killed or
weakened from being exposed to toxic oil pit liquids. Some pits
may contain chemical wastes other than oil, such as drilling
effluent, that can adversely impact the health of migratory birds
and other wildlife. Dissolved solid concentrations high enough
to be toxic to birds, benthic invertebrates, and plants were
detected in pit solutions. Pit liquids contained elevated
concentrations of sodium that contributed significantly to high
electrical conductivity. Electrical conductivity was inversely
correlated with mortality of bioassay organisms.

Methods used to eliminate or clean up pits vary widely among oil
companies. The best method for preventing bird mortality at oil
production sites is to temporarily store waste liquids in tanks
until they can be reinjected back into the ground. The second
best method for preventing bird mortality is to exclude wildlife
from pit access by placing nets over the pits. Overall, there
are fewer pits in use than when we started this study. Some
companies are filling in pits and reinjecting liquid wastes back
into the ground. Two companies are actively installing and
maintaining nets to exclude birds. Service Law Enforcement
officers and the U.S. Attorney’s Office, working in cooperation
with the 0il companies, have made progress toward reducing
wildlife mortality at oil production sites. Prosecution for
violating the Migratory Bird Treaty Act may provide incentive for
0il companies to eliminate bird mortalities.
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RECOMMENDATIONS

Additional exploration and production of oil in South Dakota
could cause a proportional increase in toxic threats to wildlife.

Therefore,

it is important that recommendations for reducing

wildlife mortality associated with oil production operations be

developed.

Hazards to wildlife can be reduced in the oil fields

by implementing the following recommendations.

1.

Excluding wildlife from contact with hazardous
materials is the best method for preventing wildlife
mortality at oil production sites. We recommend that
solutions be temporarily confined in tanks until they
can be injected back into the ground. This is the best
method for preventing wildlife from coming into contact
with hazardous liquids.

We recommend that pits not be used to store liquid
wastes at oil production sites.

Nets over pits containing liquids, are not as
acceptable as tank storage and underground injection
because they only exclude larger wildlife species. If
pits are used to store liquid wastes, they should be
covered with nets. Nets should be of the smallest mesh
possible that will exclude birds and larger mammals and
still be maintained under all weather conditions.

We recommend that half barrels or buried tanks not be
used to collect liquid wastes at oil production sites.
We also recommend that these liquids be stored in tanks
and reinjected into the ground.

If half barrels are used to store liquid wastes, they
should be covered with heavy wire mesh or with
expanded metal that will exclude small mammals and
other wildlife. The covers should be secured so that
they are not easily dislodged. They should completely
cover the barrel top and extend dowwexver the sides of
the barrel so that small mammals and birds cannot
enter.

It is recommended that new technology be developed and
new legislation be enacted to prevent future wildlife
losses at oil production sites.

Recommendations for the prevention of wildlife injury and

mortality

at oil production sites may change as new exclusion

methods are developed and new information becomes available.
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Table 1. Locations of phts studled In Falt River and Harding Counties, South Dakota, 1992.

., Wildlife
1.D. No. Location Company Site Name  Exclusions Comments
1 T21N, R4E, S17 NESE Koch - - Pit present in April
Harding County Pit filled in by July
Al T21N, R4E, S9 NENE Koch Clarkson Netted  Dead killdeer collected.
Harding County 144
10 T21N, R4E, S28 SWsw Koch SBRRU Nonet  Dead bat in barrel.
Harding County CTB 10 Live insects in pit.
11 T20N, R4E, S11 SWNE Koch SBRRU Nonet  New pit.
Harding County CTB 11
13 T20N, R4E, S10 SENE Koch SBRAU Netted  Dead bird collected.
Harding County CTB 13
135  T23N, R4E, S28 - Petro Marathon Nonet  Tadpoles in pit
Harding County Lewis  Kenton Field
136  T23N, RSE, S22 SENE Luft - - Open barrel.
Harding County
144 T22N, RSE, S6 SWSE Lt Travers Nonet  Oil sheen on half of pit surface.
Harding County 1-6
151 T20N, RSE, S16 SENE Cenex  State Cave Nonet  Light oil sheen
Harding County Hills
155  T23N, R6E, S27 NWSE Luff Miller Nonet  Open half barrels.
Harding County 1-27
157 T22N, RSE, S5 NE Luft Janvrin Nonet  Oil sheen over 80% of surface.
Harding County 1-5
157P T2N, R4E, S1 SWSE Koch HansenState  No net Separator pit at site 420.
Harding County 341
174  T23N, RSE, 519 SENW Luff Dworshak Nonet  Pit surface 100% oil covered.
Harding County 1-18
175 T12S,RiE, S16 - Advantage Advantage Nonet  Dead mice in half barrel,
Fali River County 4-16 State
179 TSS,R2E, 515  SWSENW  L&J Wutf Nonet  Duck feathers, 8 dead rabbits, and 1 mouse
Fali River County Fed # 1 Pit now filled in.




Table 1. Continued, Page 2.

Wildlife
1.D. No. Location Company Site Name  Exclusions Comments

210 T23N, R6E, S30 NESE Luff Dworshak Nonet.  Pit 100% oil covered, open top half barrel.
Harding County 1-30

214 T23N, R6E, 832  SWE {2 Lutf Swanson Nonet  Dead mouss in half barrel.
Harding County 132

216 23N, RsE, S25 NENW Lutf Erickson Nonet  Live tadpoles and inverts in pit.
Harding County 1-25

218 T20N, R4E, S4 SESW Koch SBRRU No net.

Harding County 20

220  T22N, R6E, S11 NENE Luff Fiest No net.  Two dead mice In haXf barrel.
Harding County 1-11

227 T11S,R1E, 83 NESE Placid - Nonet  Barmels covered.
Fall River County

241 T21N, RSE, S25 SESW  CENEX Brown Nonet.  Live frogs in pit; slight sheen.
Harding County 25-14

299 T21N, RSE, S25 NWNW  Snyder Brown Nonet  One dead swallow recovered from pit.
Harding Courtty. 11-25 Geese nesting in wetiand below pit.

420 T22N, R4E, S1 SWSE Koch HansenState Nonet  Sheen on small part of pit
Harding County. 34-1

430  T22N, R3E, S16 NWNW Koch Slate Netted  Sheen on part of pit.
Harding County. CTB 4

438 TN, R4E, S18 NESE Luff - Nonet.  Flagging.
Harding County.

454  T21N, R3E, §22 NWSW  Apache  Clarkson Nonet.  Homed larks observed using pit.
Harding County. 13-22

460 T2ON,F4E,S7  NWNW  Koch  Traversi  Nopit  Pit presentin Apri; pitfiled in by July.

Harding County.

464  T21N, R3E, S21 NESE Apache Clarkson Flagging Four dead birds recovered.
Harding County. 9-21

478  T21N, R3E, S16 SESE  Apache Slate Nonet  No oil sheen. Bird tracks around pit.
Harding County. 44-16

488  T21N,R3E, 822 NWNW  Apache  Clarkson Nonet.  Nooil sheen.
Harding County. 6-22

Saved asB:oll Disk: DC-1
Columns A to H, Unes 5910 170 -



Table 2. Locatlons of pits studied In Harding County, South Dakota, 1993. 1.D. No.'s 93-3-W and $3-5-W were sampled

in 1992 as No.'s 151 and 144 respectively (Table 1).

Wildlife
1.D. No. Location Company Site Name  Exclusions Comments
93-1-W T20N, RSE, 526 Cenex Cenex Flags  No aquatic iffe
No. 26-5
93-2-W  T20N, RSE, S15 NWSW  SOCO  Johnson Flags  No aquatic life
Snyder 13-15
93-3-W T20N, RSE, 516 SENW Cenex  State Cave N/A Drain pipe effiuent
Hills No. 1
B4-W T20N, R6E, S7 NESE Cenex Turbiville Flags  Dead homed lark
79 No insects or zooplankton
93-5-W T22N, RSE, S6 SWSE Luft 1-8 Travers Flags  Noinsects or zooplankton
Ranch
83-6-W T23N, RSE, S19 NWSE Luft State Line Flags  Cattails growing in pit
Field 1-19
93-7-W T22N, R4E, S17 Swsw Luft Luff M-17 Flags  Small pit. oil buried under sediments
3-8 W T22N, R4E, 20 SWSE Luft Luff No. Flags  Ofl on surface.
0-20
83-9W  T2IN, RSE, 836 NWSE  Cenex Cenex None  No zoopiankton.
36-10 Oil sludge in pit buried under silt.
93-10W  T21N, RSE, S25 NWNW  SOCO Brown Flags  No zooplankton or insects
SnyderOl  11-25
&3-11-W  T23N, R4E, 530 NWNW  Abraxsas  Steams Flags  Small pit, thick oil on surface
No. 2
93-12W  T23N, R4E, S28 - Petro Buckley Unnetted  Live zooplankton living in pit.
Lewig 328
6B-13W T22N, RSE, S6 NESE Luff 26Travers  Unnetted  Flags over pit.
Ranch
Injection
83-14W  T21N, RSE, §25 SESW Cenex Brown None  Appears abandoned,
25-14 dead bird found a pit edge
83-15W  Ta23N, ReE, S19 SENW Luff Luft
No. 1-19 Flags  Appears abandoned

Saved &s B:oll Disk: DC-1



Table 3. Concentrations of oil and grease in liquid (ppm) and sediment
{ppm dry weight) samples from oil production sites in
Harding and Fall River Counties, South Dakota 1992.

Sample Oiland Grease  Oiland Grease  Percent Moisture

1.D. No. in Liquid in Sediments in Sediments

1 0.56 23700.00 37.6
A1 1.75 16900 344

10 1.38 - -
1 - 460.00 31.8
13 250 68000 434
135 - 2160 472
136 3.13 7280.00 42.8
144 3.75 18400.00 58.2
151 725 3910.00 328
155 1.88 82600.00 34.2
157 226.00 48300.00 62.8
174 4,50 66900.00 21.0
*175A 7.38 2400.00 424
*1758 7.38 2400.00 424
186 - 18500 63.8
179 38.40 212000.00 39.8
210 1280 32700.00 364
214 - 29700 43.2
216 - 22600.00 432
218 213 23800.00 27.0
220 813.00 8240.00 - 43.8
227 3110 34800.00 38.2
241 1.13 8900.00 58.2
299 1.00 54100.00 704
420 42.60 13300.00 56.4

430 0.50 - -
438 225 55400.00 59.6
454 0.50 710.00 574
460 0.88 17000.00 79.2
464 288 25100.00 35.6
478 0.63 768.00 544
488 0.38 853.00 748

Mean 46.74 30135.42
* Duplicate sample. -

Saved on C Drive as ollpits/ofigreas, on fines 33 to 67, columns G to L



Table 4. Concentrations of oil and grease in liquid {ppm) and sediment
{ppm dry weight) samples from oil production sites in Harding
County, South Dakota 1993. 1.D. No.'s 93-3-W and 93-5-W were reported
in 1992 as No.'s 151 and 144 respectively (Table 3). ¢

Sample Oil and Grease Oil and Grease  Percent Moisture
L.D. No. In Uquid In Sediments in Sediments
93-1-W 0.00945 32875 56.0
a3-2w 0.00522 26135 67.9
93-3-W 0.00053 670782 40.6
934-W 0.00174 18789 46.6
935w 0.00115 17758 50.8
B6W 0.00588 10212 26.7
37w 0.00102 18130 55.8
38w 0.59000 1690 54.9
39w 0.00145 273655 64.3
83-10-W 0.00250 1000000 54.0
3-11-W 1.64984 764859 28.3
8312w 0.00135 6271 43.1
93-13-W 0.00926 9601 425
93-14-wW 0.00084 38294 49.5
I-15W 0.00832 460496 42.6
Mean 0.1526 249969.8

Saved on C drive as oilpits/oilgreas, on fine f,columns gto L



20} | 88U[1T D) 0} Y SUWRIOD) UQ
SYdO :$8 paABS 'syBIq i8Ig

00°000'GE 0} 00°05 4 SLEL OV LED 000010} 03009 o\mﬁm
98'2€8't 852 2h6ve uesyy
0e ev v SpUBIaM
00°0004} 01 00°0LY 92201 050> 00°000¥ 0} 00'9% . ebuey
EE'BL8Y 50 Ly'6rol Ueep
sh sl Sl 8Ud i0 e661
00°00}'¥€ 01 00°08 00°}01 01800 00°000'8} 0} 009 ebuey
28L's 0€'L 81'620'y usepy
S S 62 8iid IO 2661
Anonpuod fsauely lequinN wnjusjeg JequinN wnipog JequinN eidweg o edA} .

"BI0X8Q YINOS “JOAY UNOSSII eyl j0 j5eM SpUBEMm

WeBuswe pue ‘spuod ‘syealo U] Jejem O} pesedwod spINDJj yd 0 £66) puB 266} Uj (Wajsoywn)
Runionpuoo [aiosje pus (qdd) wnjusjes (wdd) wnipos 10} SUO|IRIWLEIUGI B6UBRI pUB UBSIN 'S 8iqBL



W O ¥ suWinjoD g2 0} | smoy (enbleem/eydio sE oAU D UO POARS

‘0ZP 04§ 19 1)d Joymsudes woJs eidweg

206 19'96 006S SiZ

802 gLl et oS €000 ¢Vl ocs L 910 oY
269 <6728 008°2e >V (o] 0091 (o] P> 9000 ¢e9l 00L6 oQe (o414
oL 4982 008t oSl o] oTLtL [o] 961 9000 999t oZe Q0oL &2
eS'L e 09¢ g9t [0} ot (o] o8t $000 @i 4] $9°0 o2
i9°L 98'0L 0561 oS o] o2 o eve 9000 vi 0,15 830 -1%4
09. ool o8l 29 o ) 0 oL 000 +2 5 89'0 vz
LVL o929 o009 v 1 ° o8l 0 w2 200 99 gEL  2E0 vLL
ceL LY°08 00 l've o8t [0} ovsit (o] oz2e Q6Tl  vev 0084 8e’0 Pe=vi-a}
€0°¢L 60° g 00v9 ove [0} 808G (o} >4 200°t  8ivt o9tli 2900 91
vLL 80'eS ove ott [0} [o°] ] Pt L0000 €2 514 8c’o0 i~ 13
869 Oles  0ocs 25z 0 vvg o 20¢ 060'L 9OEL 0EZl ¥TO gt
829  £028  00L'wi oot o8 ove ve zzL evie e  oove ©90 ol
28 L2'e9 0082 St ol o9 oL LEL S000 2ve [+ 324 82’1 et
26 voss  oose ve os 082 s 6z 9000 O ©089 990 ot
28 2tes 00944 s 9} 08 ovzi 8p ) OElZ ¥69  008E  L90 v

SUoREd Ry AUy £00®0 88 £00 €OOH

Hd 9% wnipog Aynponpuod eBuwsQ Kipely  ujerepydiousyy S80UPJBH ePUOQIeD 6IBUOCQIEOlY  OWBARIN 0BG WNPOS wnjue|es  eys

'Hd pue (gdd) wnjusjes ‘(%) wnipos ‘(wo/soywin)
AuAnonpuos [eolnsele 1o, 1desxe wdd Ulese syun iy 2661 ANM 'lodeq LN ‘SepuNog Jeny P4 pue Bupae 'syd o u| sopspeloeeys Ayenb pinbn 9 ejquy



OV 0} 8 suwnjoo ‘£2- | smoy {enbuewp/xid|o sw OAUQ D UC peaws

o 089 o g6y $00°0 919 oee a0 Malres
st 1A > ) oozs 962 vOo1l oo 29 ioe ©09°0 ecse ooeg 19'0 M €6
(A2 +O'v8 0061 801 o sl o] (>4 4 $00°0 iy ole 020> Mmceles
28’9 LS 16 000L L ve o} 008 o St SE0°L 4> 4 000Y 290 MTI€8
[ 2402 tves Otvy 29 o} °14 o 80 000 LL 89 LLO M Lie8
vee L8 00LY gt (418 802 L9 Ty QLZT 8811 0901 090> Moles
rv'g €E'SL (5,04 4> 8oL [-2>] 0744 6l SO SYeo 6l01 069 84’0 Mmees
Bs'L 60°'v9 oy ve 0 <L o e 180°1 [4+2) 69 ¥9'0 MB€8
€0L ¥e'L2 oS0 L 5] o] Qov (o) bad 0oE20 8lg oL ece ML€8
y0'8 20'6e oLy o6 L o] %l o] ece 496°0 ve oY oS 0> M8
cg 8t'T6 000 L 99l oy 14°24 ve [¢.-23 £00°0 S68 00LZ 080> Mgc8
Zl'e L0 000S (&4 8 ors Q 862 ege’ L siTt ool os0> M+€8
=58 ] el'ie 0029 8 o3 oo ve 842 $00°0 - L0€1 L2t 090> MeE8
oLe ye'LL 008 . 891 -2 089 o4 Q02 eeg’l 1=l 0801t 080> Mmet8
LEL goaL 0oLy 802 (o} 00L o vse $00°0 4L0L oc8 090> M-lt8

sUoRED Ay Ay €00V0)  (e0D) (EOOH
Hd 0% Wnipos  AQyaponpuon  BuweaQ Kipew upEiRydiousyy esseupse elBUOGIND uoqueolg  eIvgIN awvINg wnipog  wnjuejeg U

"9 e1qvL) Aloagoedses v | pue |g| 9,0

Aurponpuos worgoele Jojid

N 39 268 | U) pelioded eJom M-9-€6 PUS ME-C6 9,ON ‘A1 ‘Hd Puw (qdd) Wwnjuejes (5) wnipos ‘(wo/soywn)

09x0 wdd uj eJe syUN Iy ‘€66 L BUNP ‘WONBQ LANOS AuUNoY BupseH ‘syd 1o U sopspeidEeyo Ayenb pinbr £ ejquy,



Table 8. Results of 96-hour bioassays in which radish seeds and the invertebrates
Daphnia magna and Hyalella azteca were exposed to liquids collected from
oll pits In Fall River and Harding Countles, South Dakota 1992,

Percent Survival Condition
Percent  Hyalella azteca Daphnia magna of Pit
Site Germination Young Adutlt Young Adult| Surface
1 100 - - - -
At 80 83 80 0 0 |oiy
10 100 - - - ~ | Slight sheen
11 100 86 83 100 100 |No sheen
136 100 60 100 86 |Slight sheen
144 100 60 83 0 0 |[Sheen
161 100 83 0 100 |Slight sheen
155 100 100 80 100 80 |Slight sheen
157 0 0 0 0 0 [Sheen
174 100 100 83 100 100 |Sheen
*175A 0 0 0 0 0 |Nosheen
*1758 0 0 0 0 0 |Nosheen
179 100 100 80 50 40 |Olly
210 100 100 100 100 100 {Sheen

* Duplicate samples.




Table 8. Continued, Page 2.

Percent Survival Condition
Percent  Hyalella azteca Daphnia magna of Pit

Site  Germination Young Adult Young Adult| Surface

216 90 78 100 83 100 |Slight sheen

218 90 75 100 86 100 | Slight sheen

220 100 - - - - |Oily

227 100 86 100 0 17 |Sheen

241 50 0 14 0 0 |Slight sheen

299 100 71 100 14 71 | Oily

420 0 0 0 0 0 |Slight sheen

430 100 - - - - |No sheen

438 100 100 60 100 100 {Sheen

454 100 100 100 33 13 [No sheen

460 100 100 100 100 67 |No sheen

464 30 60 86 0 0 |Slight sheen

478 100 100 100 80 67 |No sheen

488 100 100 83 0 0 {No sheen
Control 100 100 100 71 100 |N/A

Saved as: oilpits/bloassays, C Drive; fines 110 to 182
Columns Ato .



Table 9. Results of 96-hour bioassays in which radish seeds and the invertebrates Daphnia magna
and Hyalella azteca were exposed to liquids collected from oil pits in Harding County,
South Dakota 1993. 1.D. No.’s 93-3-W and 93-5-W were reported in 1992 as No.’s 151

and 144 respectively (Table 8).

Percent Survival Condition
Percent  Hyalella azteca Daphnia magna of Pit
Site  Germination Young Adultt Young  Adult Surface

93-1-W 100 100 66 100 100 -
93-2-W 100 75 100 100 66 -
93-3W 100 100 100 20 100 No sheen
93-4-W 100 60 100 100 100 No sheen
a3-5W 100 0 100 0 0 -
93-6-W 100 20 100 100 100 -
93-7W 100 20 50 20 16 -
93-8-W 100 80 100 100 60 Oil on surface
93-9W 100 66 100 86 100 -
93-10W 100 80 100 100 100 -
93-11W 90 100 100 0 60 Oil on surface
93-12-W 80 40 80 0 0 Oil around edges
93-13-W 100 60 100 100 100 No sheen
93-14-W 100 40 100 0 0 Slight sheen -
93-156W 90 60 100 100 100 -
Control 100 0 100 80 100

C drive, saved as ollpits/bloassays
Columns L to U, Rows 4 to 35
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